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OPERATI ON PROCEDURE
5 x 9° AUTOCLAVE

1.0 SCOPE
1.1 Scope.

Thi s manual covers the procedures for operating the 5° x 9
Aut oclave. Only trained operators are allowed to operate this
equi pnment. A list of all trained operators is maintained by
ED34. Before operating this system the operator should read
and understand this entire working instruction.

1.2 Purpose.
The purpose of this nmanual is to provide detailed information

and instructions for the operation of the 5 X 9 Autoclave (ECN
&83737) located in Building 4707, Room 128. This autoclave is a
pressure vessel used for curing and bondi ng conposite material s.
Thi s autocl ave can operate within the limts of 1000°F and 500
psig. The autoclave is heated with electrical heaters and
pressuri zed using gaseous nitrogen (G\2).

1.3 Applicability.

| SO 9000 requirenents apply to this instruction only to the
extent that activities performed herein are “in-scope” as
defined by the Marshall Managenent Manual

2.0 APPLI CABLE DOCUMENTS

1. Mcristar User’s Mnual
2. Marshall Managenent Manual (MPD 1280. 1)
3. General Procedure for Programm ng Ml yteks

3.0 DEFI NI TIONS
None

4.0 SAFETY PRECAUTI ONS AND WARNI NG NOTES

The operation of the 5 x9 autoclave, and its supporting
activities, involve nunmerous hazards (refer to Section 4.2)
whi ch can result in personnel or equipnent injury.

The Nonnetallic Materials and Processes Group (ED34) has the
overall responsibility for the safety of autoclave operations.
However, individual operator responsibility for safety cannot be
overenphasi zed. Al individuals involved wwth the 5 x 9

aut ocl ave operations have the responsibility for adherence to
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defined safety requirenents as provided by witten procedures,
training, and supervisory instructions.

Al l hazards nust be imediately reported to the ED34 Lead
Engi neer (or their designee) for corrective action.

4.1 Nunbers To Call In Case O Energency:

Anbul ance 911
Medi cal Center 4- 2390
Fire 911
MSFC Security 4- 4357 (4- HELP)
MSFC Saf ety 4- 0046
Facilities 4- 3919
Envi ronmental Heal th 4- 2390
Enmer gency Operations Center 4- 3131
Envi ronment al Acci dents 4-1515
ED34 Managenent Support

Assi st ant 4- 2715
ED34 Lead Engi neer 4- 8456

4.2 Emergency Procedures

To depressurize the autoclave in an energency situation, please
performthe foll owm ng steps:

a) Press the HOLD) RUN key to put the Mcristar in HOLD

b) Press the HOLD RUN key again to put he Mcristar in RUN.
NOTE: The nunber in the lower display and the RUN LED wi ||
flash.

c) Press the | NC/DEC key to choose SEGQVENT 48 of the program
profile.

d) Press ENTER. NOTE: This will put the Mcristar in the
shut down segnent and will depressurize the system

NOTE: In the event of a fire alarm exit to the south personnel
door of Room 128. If it is evident that a fire exists, follow

t he energency procedure for fire in this Section below If it
is not evident there is a fire, stay close to the south

per sonnel door of Room 128 until given the all-clear to resune
activities. |If the part is at a critical stage of the cure
cycle, you may re-enter to assure part safety, but stay as cl ose
to the South Personnel door as possible and return inmediately
upon conpl eting task.
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PROBLEM CORRECTI VE ACTI ON

OXYGEN DEFI CI ENCY ALARM

Pl ace the autoclave main power
el ectrical breaker in the OFF
position

| medi ately | eave the area

Call MSFC Security at 4-4357 (4-
HEL P)

Notify ED34 Lead Engi neer

ELECTRI CAL PROBLEMS
SHORT CI RCUI TS

Pl ace the autoclave main power
el ectrical breaker in the OFF
position

Notify ED34 Lead Engi neer

FI RE

Depressuri ze the autocl ave

Pl ace the autoclave main power

el ectrical breaker in the OFF
position

Evacuate the area/building and
proceed to a safe | ocation

Dial 911 to notify Fire Departnent
Notify ED34 Lead Engi neer and NASA
Safety Ofice Coordinator

PERSONNEL | NJURY

Contact the Medical Center by
dialing 911

DO NOT MOVE THE | NJURED UNLESS
ABSCLUTELY NECESSARY TO PREVENT
FURTHER | NJURY

Depressuri ze autoclave if required
Pl ace the autoclave main power
el ectrical breaker in the OFF
position if required

Notify NASA Safety Ofice
Coor di nat or

Notify ED34 Lead Engi neer

EMERGENCY SHUTDOWN FOR ANY
OTHER REASON

Depressuri ze autocl ave

Pl ace the autoclave main power
el ectrical breaker in the OFF
position

Notify ED34 Lead Engi neer
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4.3 Significant Hazards.
Aut ocl ave operations involve the foll ow ng potential hazards:

Aut ocl ave door contact with personnel, parts, and tooling.
Heat ed surfaces

Heavy lifting

Hi gh noi se area

H gh pressure gaseous nitrogen

Over head crane operation

Oxygen defici ency environnent

Pi nch points

5. 0 I NSTRUCTI ONS

5.1 Preoperational |nspection.

Bef ore the autoclave can be started, a visual inspection of the
autocl ave and its supporting subsystens nust be conpleted. Any
di screpanci es nust be reported to the ED34 Lead Engi neer for

di sposition. Conplete the preoperational inspection (see exanple
in Appendix A) located in the 5 x 9 Autoclave Log Book. Before
operating the system the operator should read and understand
this entire manual

5.2 Autoclave Setup

Not e: Thi s procedure assunes that the autoclave was left in
t he standard shut down configuration with the door fully open.
Pl ace the part inside the autoclave and follow t hese

i nstructions:

1. Turn the main circuit breaker |located on the control panel to
the “ON' position.

2. If the “VESSEL OVERTEMP” al arm activates, check and reset the
al arm

3. At the control panel, turn the “CONTROL POMNER’ sel ector switch
to the “ON’ position.

4. Check, silence, and reset any al arns as necessary.

5. In the SWcorner of Room 128, activate the overhead exhaust
fan to provide ventilation during the cure process.

6. Start the vacuum punp by turning its selector switch (located
on the control panel) to the “ON’ position.

7. NOTE: The rubber coated vacuum hoses are normally used for
cures bel ow 425°F. For cures greater than 425°, use the steel
fl ex hoses.

Wth the bagged part inside the Autoclave connected to the
Monitoring and Control lines with their own independent
fl exi bl e hoses, open the nonitoring valve and the vacuum

CHECK THE MASTER LI ST-VERI FY THAT TH S IS THE CORRECT VERS|I ON BEFORE USE




Mar shal | Space Flight Center O ganizational Wrk Instruction
Nonnetal lic Materials and Processes G oup/ ED34

Operation Procedure 5 x 9’ Docurment No. ED34- ON -023 Revi si on No.: Baseline
Aut ocl ave

Date: May 23, 1999 Page 9 of 34

source valve, (by putting themboth in the “ON' position).
When vacuumis required, turn the Vacuum Source control valve
to the “VACUUM position. Simlarly, when it is necessary to
vent the bag, turn the Vacuum Source control valve to the
“VENT” position. [If vacuumw |l not be further required, the
vacuum punp nmay be shut off by turning its selector switch to
the “OFF’ position.

8. Connect the necessary thernocouples to the part.

9. Turn on the hydraulic unit by pressing the “START” button.

NOTE: Hydraulic levers are |ocated on the front side of the
aut ocl ave, opposite fromthe door hinges.

10. C ose the autocl ave door by pulling or pushing the
appropriately marked hydraulic valve lever. Hold this |ever
until the door closes.

CAUTI ON: Rel ease the lever slowy to its neutral position.
Sudden door stops may damage hydraulic system due to
wei ght of door.

11. Once the door is fully closed, |ock the autoclave door by
pul l'ing or pushing the appropriately marked hydraulic val ve
lever. Hold this lever until the |ocking ring manual | ock has
cl eared the manual |ock lever. Once the door is |ocked,
slowy release the | ever

12. Secure the manual safety |ocking |ever, which also de-
energi zes the hydraulic system

NOTE: | f the door does not fully lock, or requires excessive
tinme to rotate the I ocking ring, unlock the door, open
the door, and grease the | ocking wedges.

13. Shut off each vacuumline not in use with its manual bal
val ve.

14. Sel ect “MANUAL” with the selector switch marked “PROCESS
CONTRQOL”
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5.3 Ml ytek Chart Recorder

Refer to the “CGeneral Procedure for Progranmm ng Mol yt eks”
located in the 5 x 9 Autoclave Log Book for instructions on
how to operate the Ml ytek Chart Recorder

5.4 Mcristar Progranmm ng Notes.

These instructions are to aid the Autoclave Mcristar programmer
and assunes that the progranmer is proficient in the operation
of the instrunent.

AUTO. When the control panel selector switch has been placed
in the “AUTO" node and the “CYCLE START: button has been
pushed, the PLC starts the bl ower notor, vacuum punp and
resin trap refrigeration units and starts the Mcristar
in the Program Run node at Segnment 50. This “first”
Segnent is used to initialize the Mcristar so that the
tenperature and pressure profiles begin at sone
reasonabl e previous run. DO NOT change the values in
Segnent 50. If it is changed then the PLC initiated
programw ||l end up with unpredictable results, and
possi bl e damage to the Autocl ave and/or the parts being
cur ed.

After the cure cycle has been conpleted it is necessary
to run segnents 48 and 49. These 2 segnents check to
see that the Autoclave tenperature is bel ow 150 degrees
F and the pressure is below 3 psi. |If these val ues have
not been net, the Mcristar is put in “PROGRAM HOLD

and will stay there until they are net.

Once segnent 48 has begun and the autocl ave has been
determined to be safe to turn off, the segnment 49 is run
which signals the PLC to turn off the bl ower notor,
vacuum punp and the resin trap refrigerator units. This
al so resets the PLC in preparation for the next “AUTO
run.

The purpose for running segnents 48 and 49 is to ensure
that the Autoclave has actually conpleted the cure
cycle. For exanple, the Autoclave has been running at
850 degrees F and 350 psi and the programtold it to
cool down in 3 mnutes. There is no way that the

Aut ocl ave can actually neet theses setpoints in the tine
gi ven. However, w thout segnments 48 and 49 in the
program the autoclave would shut down after the 3

m nutes of the last segnent, |eaving the tenperature and
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pressure at el evated, and unsafe levels. Therefore,
segnents 48 and 49 act as a safety check.
SEM : The significant difference between SEM (automatic) and

AUTO is that the user may start the Mcristar’s program
runni ng at any segnent, as opposed to starting only at
segnent 50. Since SEM still uses the PLCto contro
the autoclave it is necessary to end the programw th
segnents 48 and 49 as in the AUTO node.

Be sure to start the programprofile with an
“initialization” segment |ike segnment 50.

MANUAL: I n MANUAL node the Mcristar can be started and ended at
any segnent desired. It is still necessary to start the
programw th an “initialization” segnent as di scussed
above. Since there is no “shut down” signal given to
the PLCit wll be the operators responsibility to
determ ne that the curing cycle is conplete and that it
is safe to shut down the Autoclave system

5.5 Mcristar Control System Progranm ng.

The foll owi ng sequence of steps are used for programm ng the
Mcristar Control System Two panels are utilized for this
operation: the operator panel and the primary panel (see
inserts inthe 5 x 9 Autoclave Log Book).

NOTE: LED i ndicators define all displays and pronpt all key
sequences on both the operator and primary interface
levels. If the LEDis not lit, the function can not
be accessed.

(62

.5.1 Programm ng The Mcristar.

1. Access the prinmary panel by flipping down the operator panel
(front panel).

2. Verify that the Mcristar is in HOLD node (LEDis lit). If
RUN LED is |it, press the HOLD/ RUN key once.

3. Verify that the Mcristar is in AUTO node. |f the Mcristar
is in MANUAL node, press the MANUAL/ AUTO key.

NOTE: Ful | Access is required to programthe Mcristar. To
obtain Full Access, follow steps 4 and 5.

4. Press the Rl | ogo.
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5. Press the hidden key #1.

NOTE: You are now in Full Access node. The program can now
be entered using the Mcristar Programer tables.

6. Press PGVR TABLES key to activate the programmer table
functions.

7. When the PGWR TABLES function is first accessed, SEGVENT ( SEGQ
is selected and “1” (Segnment 1) is shown in the | ower display.

8. Press the down SCROLL key once to select the SETPO NT.

9. Press the FAST | NC/ DEC (| NCREMENT/ DECREMENT) and | NC/ DEC keys
until the desired set point is shown in the |ower display.

10. Press the down SCROLL key until SEG TIME LED is lit.

11. Press the ENTER key once. Note that the left-nost field is
bl i nking. (00.00.00 represents the hours, mnutes, and
seconds, respectively).

12. Use the FAST | NC/ DEC and the I NC/ DEC keys to select the
desi red hours.

13. Press the ENTER key. The second pair of zeros wll blink.

14. Use the FAST | NC/ DEC and the I NC/ DEC keys to select the
desired m nutes.

15. Press the ENTER key, and use the | NC/ DEC keys to enter the
nunber of seconds.

16. Press the ENTER key to conplete this portion.

17. Press the down SCROLL key to sel ect NEXT SEG

18. Use the I NC/ DEC keys until the nunber corresponds to the
segnent you wi sh for the programto go. NOTE: This nunber is
usual ly the next consecutive nunber to the current segnent.

19. Press the SCROLL key to sel ect SEGVENT.

20. Use the I NC/DEC key to select the next segnent for the
program

21. Repeat steps 7 - 18 until you have conpl eted the program

NOTE: When programm ng the | ast segnment in your profile, the
NEXT SEGMVENT shoul d be SEGVENT 48. This segnent will
send the autoclave into a shutdown node at the
conpl etion of the cure cycle.

5.6 Energizing the Subsystens.
Wth the appropriately marked push-button, energize the bl ower.

5.7 Starting The Mcristar.

1. Review your program as foll ows:
a) Press PGVWR TABLES. Segnment 1 will appear.
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b) Press the SCROLL key to review the profile for that
segment .
c) Scroll to the SEGQVENT option.
d) Press the I NC/DEC key to choose the next segnent you w sh
to revi ew
e) Repeat steps b-d until conplete.
2. G ose the operator panel.
3. Press the HOLD/ RUN key.
4. The nunber in the lower display and the RUN LED w Il fl ash.

NOTE: This flashing nunber is the starting segnent and shoul d
be segnment 50. If this nunber does not correspond to the
starting segnent, press the | NC/ DEC key to choose the correct
nunber (50).

5. Press ENTER

*rxxx THE M CRI STAR IS NOW RUNNI NG = *****

5.8 Monitor The Autocl ave.
Moni tor the cure throughout the cycle to verify proper
oper ati on.

Not e: The autoclave will continue to operate until the
Mcristar controller's cure cycle is conplete. A single
operator may performthe nonitoring function during regular work
hours if periodic contact (verbal or visual) is established

bet ween the | one operator and ot her enpl oyees to ensure the
operator's safety. A mninumof two operators are required to
noni tor the autoclave during overtine hours.

Not e: | f positive pressure is sensed in any of the nonitoring
or source lines, a warning lanp will |ight and automatic val ves
w Il shut off the respective sub-systens from over-pressure
damage. It is inportant for the operator to note which source
AND nonitoring |lines are being used on each bagged part. |If any
of the lines to a particular part show any signs of positive
pressure, (as shown on the warning light indicators or the data
| ogger), it is the operators responsibility to turn off ALL
manual val ves associated with that station.

5.8.1 Using The Operator Panel Once Program|s Running.

To check the set point (SP), process variable (PV), or segnent
during the run, use the SCROLL key. The value will be shown in
the I ower display. The upper display will also show the set
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point (SP) and the process variable (PV) by using the arrow keys
in the upper right-hand corner.

1. Review your program as foll ows:

f)

Flip down the operator panel.

Press PGVR TABLES. Segnent 1 wi || appear.

Press the SCROLL key to review the profile for that
segnent .

Scroll to the segnent option.

Press the | NC/ DEC key to choose the next segnment you w sh
to revi ew

Repeat c-e until conplete.

2. To change your setpoint during the run:

a)
b)
c)
d)
e)
f)
9)
h)
)
i)

k)

Flip down the operator panel.
Put the Mcristar on HOLD.
Press the Rl logo. (see Appendix G
Press the H dden Key #1. (see Appendix G
Press the PGWR key.
SCROLL to the SETPO NT.
Press ENTER
Use | NC/ DEC keys to change the setpoint.
Cl ose the operator panel.
Press the HOLD/ RUN key to put the Mcristar back in RUN
node.
NOTE: The nunber in the lower display will flash.
Press the I NC/DEC key to choose the correct segnent val ue
that you want to start.

3. Press ENTER
4. To hold the programin its current segnent: Press the
HOLD/ RUN key to put the Mcristar in HOLD. NOTE: This wll

hol d

the tenperature and pressure at the present val ue.
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5.9 Shut down Procedures

Bef ore shutdown procedures can begin, two autocl ave operators
must be present due to the danger of exposure to G\2.

When the cure cycle is over and the part has cooled to bel ow
150°F (or cool ed bel ow the cure cycle' s recomended venting
tenperature), performthe foll ow ng steps:

5.9.1 Stopping The Mcristar.

The Mcristar is progranmed to shutdown the systemin the | ast
two segnents of the program (Segnents 48 and 49). However, if
for sonme reason the program needs to be halted during the cure,
follow these instructions:
a) Press the HOLD) RUN key to put the Mcristar in HOLD
b) Press the HOLD) RUN key again to put he Mcristar in RUN
NOTE: The nunber in the lower display and the RUN LED wi ||
flash.
c) Press the | NC/ DEC key to choose SEGQVENT 48 of the program
profile.
d) Press ENTER NOTE: This will put the Mcristar in the
shut down segnent .

5.9.2 Partially Open The Autocl ave Door.

WARNI NG~ DOOR HAZARD

Prior to opening the autoclave door, verify that no personnel

are in the path of the door. A possibility exists of personnel

bei ng trapped between the two autocl ave doors.

Bef ore opening the autocl ave door after pressurization:

1. Verify that the autoclave has zero pressure registering on the
Mcristar controller.

2. Open the south personnel exit door in Room 128 to enhance
ventil ation.

3. Verify that the overhead exhaust fan is operating. The fan
must be operating to ensure adequate ventilation is maintained
in the area while the autoclave door is opened.

4. Activate the hydraulic punp by pressing its “START” button.

WARNI NG  Potential oxygen deficient atnosphere is possible due
to excess G\2 | eaving the autoclave through the open door. An

oxygen deficient atnosphere can cause dizziness, |oss of

consci ousness, or death. Uilize the buddy system when wor ki ng
in the autoclave area when the autoclave door is open. Should
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t he oxygen deficiency alarm activate, shut down the autoclave,
have all personnel imrediately | eave the area, and call security
at 4-4357 (4-help) to notify them of the incident.

5. To Unl ock the Autoclave Door:
a) Open manual safety locking |lever -- this | ever prevents
energi zation of the hydraulic system
b) Push or pull appropriately marked hydraulic val ve | ever,
and hold until door locking lugs are fully visible
t hrough the cutouts in the | ocking ring.
c) Slowy rel ease | ocking |ever.

NOTE: Hydraulic levers are |ocated on the front side of the
aut ocl ave, opposite fromthe door hinges.

6. Open the autoclave door by pushing or pulling the
appropriately marked hydraulic valve |ever, and hold while
door opens.

CAUTI ON: Rel ease the lever slowy to its neutral position.
Sudden door stops may damage hydraulic system due to
wei ght of door.

7. Turn off the hydraulic punp by pushing its “STOP’ button.

8. Leave the immedi ate area for at least five mnutes to allow
the nitrogen gas to dissipate.

9. Verify that the tenperature inside the autoclave is |ess than
150°F.

10. Di sconnect all vacuum hoses and thernocouples fromthe part.
Verify that all vacuum hoses and thernocouples are returned
where they belong. Renove the part fromthe autocl ave.

11. Turn of f the blower by pressing its “STOP” button.

12. Turn of f the vacuum system sel ector sw tch.

13. Turn of f the CONTROL POWER swi t ch.

14. Turn of f the main circuit breaker.

5.9.3 Perform Post Operational |nspection.

1. Performthe post operational inspection (see exanple in
Appendi x B) located in the 5 x 9 Autoclave Log Book.

2. Conpl ete the Log Book Data Sheet (see exanple in Appendix C
|ocated in the 5 x 9 Autoclave Log Book. Note in the
Comrent section any problens that were encountered during the
cure.
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3. Refer to Section 8.0 of this procedure if your task is in-
scope as defined by |1S®000. You nust maintain quality
records.

6.0 NOTES

6.1 Responsibility.

The Nonnetallic Materials and Processes Group (ED34) has the
prinme responsibility for maintaining the safe operating
condition, and configuration control of this autoclave. Any
organi zati on requesting to use this autoclave nust be trained
and nust schedule all work on the cal endar provided at the
autoclave. Al work perfornmed on this autoclave or its
supporting subsystens nust be coordinated through ED34 so
configuration control of the autoclave can be maintained. Any
changes or updates to this procedure nust al so be coordi nated
through ED34. It is the responsibility of the ED34 Lead

Engi neer (or designee) to:

Assure that appropriate safety equipnent is avail able as
requi red by MSFC procedures.

Per f orm random wal k-t hroughs to confirmthat only trained
personnel are nonitoring the operation; operating the

autocl ave control system and to confirmthat access control
to the autoclave work area is being foll owed when the

autocl ave i s pressurized.

7.0 APPENDI CES, DATA, REPORTS, AND FORMS

Appendi x A: 5
Appendi x B: 5
Appendix C 5
Appendix D. 5

9’ Autocl ave Preoperational |nspection Sheet
9’ Autocl ave Post-Qperational Inspection Sheet
9’ Autoclave Log Book Data Sheet

9’ Autoclave Safety Features

X X X X
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8.0 QUALITY RECORDS

Quality records for this systemw ||l be maintained for all in-
scope work by ED34 for the duration of the project plus three
years. If a cure is part of an in-scope project, the operator
is responsible for conpleting the followng Iist:

Compl ete the ED34 I nspection, Measuring, & Test Equi pnent
(I M&TE) I n-Scope Activities Traceability Log |ocated in the
Usage Log Book.

Make two (2) copies of each of the foll ow ng:

5 x 9 Autoclave Preoperational |nspection Sheet

5 x 9 Autoclave Post Operational I|nspection Sheet

Data Log Users Form
G ve one copy to the | ead engineer for the in-scope project
G ve the second copy to the applicable ED34 Managenent Support
Assi stance (Buil ding 4712, Room B206)
Return the original’s to the User’s Log Book |located in the
aut ocl ave area

Trai ning Records and Calibration Lists associated with in-scope
work will also be maintained by ED34. Training records wll be
mai nt ai ned as | ong as the enployee is performng in-scope work.
Calibration records will be maintained and replaced only with
current information.

Al Quality Records, if applicable, wll be maintained by ED34.

9.0 TOOLS, EQUI PMENT, AND MATERI ALS
None

10. 0 PERSONNEL TRAI NI NG

Prior to any training sessions, contact ED34 for approval. The
trainee, at this tinme, will be given a training record sheet to
mai nt ai n and update throughout the training process. Any
personnel using this systemto performin-scope work nust be
authorized by ED34. A list of authorized users is maintained by
ED34. The requirenents for training are |listed bel ow

Aut hori zation wll be given by ED34 after conpletion of al
training requirenents. Carel ess or unsafe operation of this
autocl ave may result in the suspension of the operator’s

aut hori zati on.
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Current autoclave training consists of the conpletion of the
followi ng curricul um

Training and Certification for overhead crane operations by
the NASA Safety O fice Coordinator (as required).

Training and Certification for fork truck operations by the
NASA Safety O fice Coordinator (as required).

The trai nee nmust also conplete On the Job Training (QJT) for a
m ni mum of four autoclave operations. Additional QJT may be
required until the trainee denonstrates safe and proficient
operation of the equipnent, and understandi ng of the proper
safety procedures associated. The training may be perforned
by any trained operator, however, approval of any training
session nust be authorized by ED34. Contact the ED34 Lead
Engi neer prior to the fourth QJT cure. A final audit for the
aut hori zation process wll be perforned at this tine.

For all newy trained contractor enployees, ED34 nust have on
file, a meno fromthe enpl oyee’s supervisor stating that the
enpl oyee has conpleted all requirenents called out in this
instruction and a signed copy of the Training Record Sheet to
operate this equipnment. Once the neno has been received by
ED34, approval wll be given foll ow ng revi ew

11. 0 FLOW DI AGRAM
None
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APPENDI X A: 5" x 9 Autoclave Preoperational Inspection Sheet
Dat e:
Cycl e:
Qper at or
1.0 I nspect Safety Equi pnent Initials:
A. Verify that the proper safety equipnent is avail able
1. Leather gloves
2.  Fire extinguisher
3. Hearing protection
4. Eye Protection
B. _Veri fy that the calibration dates are valid/current for the follow ng
:\/I)Ie)r/rfék Part Tenperature Chart Recorder - 676478
Mol yt ek System Tenp/ Press and Part Tenp Recorder - 676476
Pressure Gauge - B98-3155- A
System Pressure transducer
Mcristar Controller
Vacuum Transducer s
System Overtenp
Vessel Jacket Overtenp
C. Post “NOTI CE: Authorized Personnel Only” signs to limt access to the
aut ocl ave area during autoclave operations (Room 129A Doubl e Doors,
Room 128, and one each on the north and south doors of Room 128.)
Qper at or
2.0 I nspect Aut ocl ave Subsystens Initials:
A. Verify proper control panel operation
1. Verify proper digital display on the chart recorder
2. Verify Mcristar controller is functioning properly
3. Verify adequate paper supply for the chart recorder
B. Verify vacuum punp is operational (if required)
1. Verify the vacuum punp is turned on and running.
2. Check vacuum punp oil |evel.
3. Inspect for any |eaking vacuumoil .
C. Ensure that the plant cooling water supply systemis operating
properly.
D. Verify overhead exhaust fan is operational.
Qper at or
3.0 Vi sual I nspections Initials:
A I nspect the autoclave door Oring seal to verify that there are no

damaged areas that would affect the seal of the door to the autoclave.
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APPENDI X B
5 x 9 Autoclave
Post - oper ati onal | nspection Sheet
Dat e:
Cycl e:
Qper ati on Qper at or
Initials

1. Verify that the safety equiprent is put away.
2. Verify that the autoclave door is in the open

posi tion.
3. Verify that the thernmocouples are put away.
4. Verify that the vacuum hoses are put away.
5. Wth the vacuum val ve open, verify that the vacuum

lines inside the autoclave have proper flow using

the vacuumline test fitting. Cose the vacuum

val ve.
6. Verify that the vacuum valves are in the C osed

posi tion.
7. Verify that the vacuum punp oil level is sufficient.
8. Turn off the Control Power by using its selector

switch.
9. Verify the autoclave, chart recorder, and Mcristar

are all off.
10. | Verify the MAIN PWR di sconnect is in the "OFF"

posi tion.
11. | Verify that the cure cycle information form the

preoperational inspection form and the post
operation inspection formare properly filled out
and entered into the | og book.
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APPENDI X C

5 x 9 Autocl ave
Log Book Data Sheet

Pl ease include first and | ast nane:

Qper ators: Dat e:

Organi zati on:

Cure Cycl e Nunber:

Pur pose/ Descri ption of cure:

Maxi mum t enper at ur e: degrees F

Total time at maxi mum tenperature:

Maxi mum pr essur e:
Total time at maxi mum pressure:

Preoperati onal inspection conpleted by:

Post oper ati onal inspection conpl eted by:

Comrent s:
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APPENDI X D

5 x 9 Autocl ave
Saf ety Features

D.1. Manual Door Safety Interl ocks.

The autoclave is equipped with the Harris Quick Openi ng Door.
Thi s door features mechanical and electrical safety devices and
interlocks to prevent opening the door while the autoclave is
under pressure.

A “MANUAL DOOR SAFETY | NTERLOCK”, as required by the ASME
Pressure Vessel Code, is provided on the vessel door. The

| ocking | ever of the mechanism through a connecting rod,
operates a ball valve which is plunbed to the interior of the
vessel. Located on the connecting rod is a camfor the
operation of a limt switch. Also part of the nechanismis a
pneumatic cylinder |ocated on the side, which is also plunbed to
the vessel interior. Energized by vessel pressure, the cylinder
rod extends through the lever to hold it in the | ocked position
when the vessel is pressurized.

When the Mechanismis “l ocked”:
The limt switch disables the hydraulic system
The Iimt switch enables the pressurizing system
The ball valve to vessel interior is closed.

VWhen the Mechanismis “unl ocked”:

The limt switch enables the hydraulic system provided the
LOW PRESSURE SW TCH (see D.2 is not still pressurized

The Iimt switch disables the pressurizing system

D. 2. Low Pressure Switch

A “Low Pressure Switch” is plunbed to the vessel interior and
wired into the hydraulic system \Wen the vessel is pressurized
the switch disables the systemuntil pressure returns to a |evel
bel ow t he setpoint of the switch (3 psig decreasing.)

D. 3. Mechani cal Over-Pressure Protection

Any “ OVER- PRESSURE” condition will be rectified by built-in
saf ety devi ces.

| f the vessel pressure exceeds the nmaxi mum operating pressure of
t he Autocl ave, an ASME Code safety relief valve wll
automatically open to reduce pressure. |If the condition is
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corrected by the safety relief valve, it will reset and shut off
at sone pressure level |lower than the set pressure |evel

| f pressure continues to increase to a second, higher Iimt, a
rupture disc will open and allow all pressure nmedia to escape.
Once the rupture disc opens it is destroyed and has to be
replaced with a new disc with the sane specifications.

D.4. Safety Feature Wth Al arns.

CAUTION: Alarmsituations will require i medi ate action by the
aut ocl ave operator and may require additional action
by other qualified personnel. Hazardous voltage,
tenperature and pressure nmay be present at areas
requiring servicing, therefore, only fully qualified
personnel, wth thorough understandi ng of autocl aves
and conponent functions and integration should be
utilized for trouble shooting.

Al alarmconditions will put the Mcristar in PROGRAM HOLD i f
operating in the AUTO or SEM nodes and will stay in hold unti
the al arm condition has cl eared.

D.4.1 WMan | nside.

A “MAN INSIDE” alarmis incorporated into the control system and
consists of a cable running the length of the work zone, inside
the autoclave. Pulling the cable:

Sounds an audi bl e al arm

Activates a “red” alarmlight.

Di sabl es the pressurization systemand vents the Autocl ave.
Di sabl es the heating system

Turns off the recircul ation bl ower.

Al l ows the hydraulic systemto be operated to open the
aut ocl ave door.

The operator may silence the alarm horn by pressing the “RESET”
push-button on the control panel. The autoclave door nust be
opened to reset the alarmcircuitry by repositioning the |inkage
of the “MAN INSIDE” al arm | ocated m dway down the work zone.

NOTE: The electrical circuitry of the MAN I NSI DE ALARM i ncl udes
a heating circuit “SHUNT TRIP’" circuit breaker and w |
need to be reset frominside the electrical control panel
by a qualified electrician. |If this breaker requires
resetting, contact the ED34 Lead Engi neer for
di sposition. DO NOT attenpt to reset this breaker.
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D. 4.2 Vessel Over-Tenperature.

The “VESSEL OVER- TEMPERATURE” controller is an independent
safety device designed for the protection of the Autoclave
heati ng equi pnent only and is not intended for protection of the
| oad being cured. The controller neasures tenperature at the
hottest point in the autoclave and, therefore, the setpoint of

t he devi ce should be set approximately 100 degrees F higher than
t he maxi num Aut ocl ave operating tenperature.

“OVER- TEMP” condi ti on:

Sounds an audi bl e al arm

Activates a “red” alarmlight.

Di sabl es the heating system
The operator may silence the alarm by pressing the “RESET’ push-
button. The "OVER-TEMP” control device will need to be reset by
pushing it’s reset button.

NOTE: The electrical circuitry of the “VESSEL OVER- TEMPERATURE’
alarmincludes a heating circuit “SHUNT TRIP’ circuit
breaker and will need to be reset frominside the
el ectrical control panel by a qualified electrician. |If
this breaker requires resetting, contact the ED34 Lead
Engi neer for disposition. DO NOT attenpt to reset this
br eaker .

Possi bl e causes:
Over-tenp control device set point too | ow
Over-tenp control device thernocouple failure.

Tenperature controller mal function: change in configuration
paraneter, PID settings, I/Ocircuitry.

Calibration of tenperature controller and/or over-tenp device.

D.4.3 No Subsystem Cool .

Wth the high tenperatures that are possible with this
Aut ocl ave, special cooling provisions are necessary.

The main blower notor is externally nmounted and drives the

bl ower fan shaft by nmeans of belts and sheaves. The bl ower
shaft utilizes a “packing” to maintain vessel pressure. To
prevent damage due to excess tenperature the bl ower shaft and
packing gland is water cooled and requires water to circul ate
whenever in operation. The door seal itself is also water
cool ed and uses the sane cooling water source as the bl ower
shaft circuit described above.
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The pressure vessel is also fully water jacketed, which is,
essentially, a conplete, separate, external pressure vessel.
Cooling water is circulated inside the water jacket which wll
keep the main pressure vessel tenperature at a safe |evel.

Aflowswitch is utilized on the Subsystem Cool i ng water return
line. Loss of water flow through the flow switch causes the
flowi ng alarm condition.

“NO SUBSYSTEM COOL” - NO FLOW condition:
Sounds an audi bl e al arm
Activates a “red” alarmlight.

The operator may NOT silence the alarm by pushing the “RESET”
push-button. This alarm does NOT disable the blower notor so it
al l ows the Autoclave operator to decide to continue with the
current run and risk equi pnent failure or abort the curing
cycl e.

NOTE: The alarmwi |l remain on until water flow resunes through
the cooling circuit.

The sane alarmis also utilized by the “VESSEL JACKET COOLI NG
OVERTEMP CONTROLLER’. The Autocl ave vessel cooling jacket water
tenperature is nonitored to ensure that safe vessel wall
tenperatures are maintained. A seven position rotary switch is
provided to nonitor the six separate water channels of the
cooling jacket. The nunber of the rotary switch position
corresponds with the |location and nunber of the cooling jackets.

NOTE: Channel O is an open channel for testing of the alarm
circuit and swtching to this position will activate the
al arm

The thernocoupl e signal that has been selected by the rotary
swtch is then set to the over-tenp device. Wth the setpoint
of the device set at 200 degrees F, the alarmw ||l sound any
time the water tenperature reaches that point.

“NO SUBSYSTEM COOL” - JACKET COCLI NG OVERTEMP conditi on:
Sounds an audi bl e al arm
Activates a “red” alarmlight.
Di sabl es the heating system
The operator may NOT silence the alarm by pushing the “RESET”
push-button. The “VESSEL JACKET COCLI NG OVERTEMP CONTROLLER’

must be reset after the over tenperature source has been
resol ved
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NOTE: The electrical circuitry of the “VESSEL JACKET COOLI NG
OVERTEMP CONTROLLER’ al armincludes a heating circuit
“SHUNT TRIP” circuit breaker and wll need to be reset
frominside the electrical control panel by a qualified
electrician. |If this breaker requires resetting, contact
the ED34 Lead Engi neer for disposition. DO NOT attenpt
to reset this breaker.

D. 5. Tenperature.

The tenperature of the autoclave platen is normally | owered to
bel ow 150 degrees F prior to its renoval fromthe autoclave.
This is not a dangerously high tenperature, however, precautions
shoul d be taken to prevent possible burns. |If for some reason
the platen nust be renoved before reaching 150 degrees F or

| oner, personnel should protect their hands by using Zetex

gl oves (or equival ent).

D. 6. Pressure.

The autocl ave can be operated at pressures up to 500 psig. The
vol ume of conpressed gas at this pressure is capable of
transferring trenmendous energy should there be a failure which
results in a rupture. Extra caution should be taken while
operating this autocl ave.

D.7. Vacuum System Operati on.

The vacuum system provided for this autoclave consists of 2
subsystens. The Vacuum Monitoring and the Vacuum Contr ol
Systens. Al user controls are |ocated on two vacuum panel s.

VACUUM MONI TORI NG SYSTEM

A fl exi bl e vacuum hose connects the bagged parts to the

nmoni toring systeminside the Autoclave. The 16 vacuum
transducers are wired to a recording data | ogger with an
isolating ball valve used to shut off each transducer when not
in use. These manual valves are marked “Vacuum Monitor ON CFF”
In the ON position the part inside the Autoclave is connected

t hrough to the vacuumtransducer. In the OFF position the part
is isolated fromthe nonitoring equipnment. An automatic sensing
circuit is built in that will shut off the nonitoring equi pnment
shoul d positive pressure develop indicated a bag | eak inside the
Autoclave. If this condition occurs an indicator |lanp wll

light on the electrical control panel.

VACUUM CONTRCL:
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A fl exible hose connects the bagged parts to the vacuum contr ol
systeminside the autoclave. Each of the 16 vacuum control
stations are individually connected to the vacuum source and can
be opened (vented) to atnosphere with the manual 3 position

val ve mar ked ”Vacuum Source VACUUM OFF- VENT”. The bagged part
can be evacuated by turning the valve to VACUUM and vented to

at nosphere by turning the valve to VENT. When neither condition
is desired | eave the valve in the OFF position. As with the
Vacuum Moni tori ng sub-system the Vacuum Source sub-system has
bag break indication and automatic shut off. Should positive
pressure devel op inside the Source sub-system a nunbered warni ng
[ight wll go on.

ALARM

As described above this vacuum systemis designed with automatic
bag break shut off valves and indication. |f positive pressure
is sensed in any of the nmonitoring or source |lines a warning
lamp will light and automatic valves will shut off the
respective sub-systens from over-pressure damage. It is
inportant for the operator to note which source and nonitoring

I ines are being used on each bagged part. |If any of the lines

to a particular part show any signs of positive pressure, (as
shown on the warning light indicators or the data logger), it is
the operators responsibility to turn off all manual val ves
associated wth that station.

OPERATI ON:

Check oil level in vacuum punp. Add oil if necessary. Start
the vacuum punp with its “Start” selector swtch on the control
panel. Wth the bagged part inside the Autoclave connected to
the Monitoring and Control lines with their own independent

fl exi bl e hoses, open the nonitoring valve and the vacuum source
val ve, (by putting themboth in the “ON° position). Wen vacuum
is required, turn the Vacuum Source control valve to the
“VACUUM position. Simlarly, when it is necessary to vent the
bag, turn the Vacuum Source control valve to the “VENT"
position. If vacuumw ||l not be further required, the vacuum
punp may be shut off with it’s “STOP” selector switch

RESI N TRAP

Aresin trap is provided to trap resin vapors and prevent them
fromentering the vacuumpunp. It is recommended to check and
clean out the resin traps as often as required by renoving the
“Pot” | ocated beside each of the vacuum control panels. The
“Pot” can be renoved by | oosening the 8 hex bolts on the fl ange
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portion of the trap and carefully |lowering the renovable
section. C ean the condensable as required and cl ean the
sealing O R ng surface. The O R ng should be lightly lubricated
wWith a conpatible grease prior to reassenbling the resin trap

D.8. Vessel Penetrations.

Pressure Inlet and Qutl et
Cooling Inlet and Qutl et

Safety Relief Qutlet

Rupture Disc Qutl et

Pressure Transducer

32 Vacuum Penetrations

Pressure Gauge

H Limt Thernmocouple Qutlet

32 Process Thernocouple Qutlets
Spar es

D.9. Quick Opening Door

Breech Lock Type

Hydraulically actuated Locking Ring

Safety Pressure Switch utilizing vessel pressure to disable
hydraulic punp and prevent lock ring rotation
Pneumati c/ Mechani cal safety Locking Device utilizing vessel
pressure to nechanically prevent rotation of |ocking ring
Wat er Cool ed Door Gasket
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D. 10. Support Saddl es

The saddl es are capabl e of supporting the Autoclave and a
maxi mum part | oad of 10,000 pounds.

D.11. Internal Product Support Tracks

The tracks are capabl e of supporting a maxi mum di stributed | oad
of 5,000 pounds. Location of tracks are designed to all ow
maxi mum utilization of avail abl e space.

D.12. Insulation
The internally applied insulation is applied with 20 gage
stai nl ess steel sheet netal sheathing.

D.13. Gas Crculating System

The gas circulation fan notor is externally nmounted and sized to
mai ntain a uni formtenperature throughout the vessel within plus
or mnus 5 degrees F at 500 PSI and 1000 degrees F

A 50 HP notor drives a backward curved bl ower wheel for 2340
CFM 13. 25 changes/ minute in enpty work zone. The fan shaft is
wat er cool ed in packing gland for sealing pressure.

The gas circulation duct work is 16 gage stainless steel sheet
met al adequately supported for rigidity and to prevent buckling
as a result of autoclave cycling conditions.

D.14. Heating And Cooling Systens

The heaters are electrical and sized for an average heat-up rate
of 5 degrees F/mnute fromanbient to 1000 degrees F equi pped
with 100 % SCR Power Controller. 145KWelectric heaters are
provided. 200 anp Power-Trol SCR (3 let, 3 fuse) for heating
control

The internal cooling coils are stainless steel and sized for a
cool -down rate of 5 degrees F/m nute from 1000 degrees F to 140
degrees F.

The 304 stainless steel cooling coil will allow 150 gpm wat er
flow Flexible metal hoses allow the coil to expand and
contract w thout stressing on thermal expansion and contraction.
Control and drain valves are provided. Cooling valves are
provided for time proportional control of cooling.

Cooling is acconplished by using industrial water.
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D. 15. Control s

The tenperature and pressure controller is a Research Inc.
Mcristar 828 M croprocessor with two channel ranp/soak program
capability with a Research Inc. 100% SCR Power Controller.

A Honeywel|l Dialatrol high limt tenperature controller is used
in conjunction with the heater power contractors to disable the
heating el enments in case of a controller malfunction.

An Al l en-Bradl ey Programmabl e Logic Controller is provided with
the follow ng features:

Interprets the position of operator devices
Status of setpoint programmer events

Tenperature and pressure controller deviations and al arm
st at us

Mot or Starter/Contractor status
Three nodes of system operation
Ful ly automatic
Sem -aut omati c
Manual
Sol e regul ated power supply - 24 VDC
Two general electric panel neters:
Circulating Fan Motor - Anperes
Heater SCR - % average power
Al l en-Bradl ey 800 Series oil-tight operator devices
Al arm Horn

Two Mol ytek Chart Recorders for recording (1 - 30 channel and 1
- 22 channel):

32 Part tenperatures

16 Vacuum pressures

Aut ocl ave tenperature

Aut ocl ave pressure

D.16. Vacuum System

Si xteen source lines of 0.5” dianeter stainless steel tubing.

Each |ine equi pped with a manual 3 way val ve for suction, off
and vent to atnosphere |ocated on the control panel, and a
pressure switch and sol enoid val ve for autonmatic |ine shut off
in the even of a bag break.

Two manifold (8 Iines each) each manifold equipped with a Resin
Tr ap.
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Automatic Venting

Si xteen pressure sensing lines of 0.5" dianmeter stainless steel
t ubi ng.

Each line is equipped with a Vacuum Transducer, pressure swtch,
and sol enoid valve for automatic line shut off in the event of a
bag break.

A Vacuum Punp operating at 100 SCFMwith a 60 gall on surge tank

D.17. Thernocoupl es

Jack panel - 32 channel interior, Type “J”, female with Ml e
Jacks.

Junction Box - Exterior with Thernocoupl e Extension Wres to
recorder.

D. 18. Autoclave Control System

Thi s Aut ocl ave nmakes use of a Research Inc., Mcristar 828D
Programmabl e Controller to control system process vari abl es.

The Mcristar is integrated wwth a Progranmabl e Logic
controller, PLC, to provide four different nodes of operation.
On the control panel is a “PROCESS CONTROL” selector switch

mar ked “ AUTO- MANUAL- SEM ” which is used to provide the operator
with a variety of options for running the Autoclave.

Channel #1 of the Mcristar is set-up “bi-nodally” to control
tenperature in the chanber and the input is a “J” thernocouple
probe. The “reverse acting”, or heating, Analog Qutput #1 is a
proportional 4 - 20mA signal, while the “direct acting”, or
cooling, output is a tinme-proportioned relay output. The tinme
proportioned cooling signal operates the sol enoid valves a
portion of the tinme. As an exanple, 60%cooling will allow
cooling water to flow through the Autoclave 60% of the user
configured tinme cycle, (usually 6.4 seconds).

The electric heaters are operated by utilizing a Silicon Control
Rectifier, SCR, which incorporates a “firing circuit” interl ock.
For the SCR to “fire”, the blower notor nust be energi zed, which
ensures proper air circulation over the heater to prevent
possi bl e el enent burnout .

When the Mcristar calls for heat, Anal og Qutput #1 sends the 4
- 20 mA control signal to the heater SCR control. A 20 nmA
signal will produce full (100% heat input, while proportionally
| oner signals causes |less heat input. Wth 4 mA or less, 0%
heat input is produced.
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When the Mcristar calls for cooling, the relay outputs to a
control relay which turns on both the “normally-cl osed” Cooling
sol enoid val ve, causing the valve to open, and the “normally-
open” cooling coil drain solenoid valve, causing the valve to
cl ose.

If the tenperature is above the setpoint of the channel 1 H -PV
alarm (set at 500 degrees F) the alarmw || activate so that
before the cooling solenoid valve will conme on, the Mst cooling
systemw || be activated. If the cooling is on |long enough to
tinme out then the main cooling is activated.

The M st Cooling System consists of a water solenoid valve with
flow control and an air sol enoid valve, plunbed into a m st

m xi ng unit which causes the air and water to m x and enter the
coil as a mst. A gauge is provided down stream of the water
sol enoid valve and an air regulator before the air sol enoid
valve so that the air and water pressure can be set a equal
levels. If needed the flow control on the water sol enoid val ve
can be adjusted to regulate water flow.

After exiting the top of the cooling coil the water returns to
the cooling supply system \en cooling is no | onger required
the cooling or mst cooling solenoid valves and the cooling coi
drain sol enoid valve allow any water trapped in the coil to
drain out to avoid the generation of steamw thin the cooling
coil .

Channel #2 of the Mcristar is configured “reverse-acting” to
control pressure in the chanber and the input is a 4 - 20 mA
signal fromthe pressure transducer. The analog Qutput utilizes
a4 - 20 mA signal

When the Mcristar calls for pressure, anal og output sends the 4
- 20 mA signal to the split range pressure control valves. Wth
the pressure control signal at 4 mA (0% output), or |less, the
pressure exhaust valve is fully open and the pressure inlet
valve is conpletely closed. As control current increases, the
pressure exhaust valves closes to where, at 12 nmA (50% out put),
both pressure exhaust and inlet valves are closed. This
condition occurs at setpoint. A further increase in control
current will not affect the pressure exhaust valve further,
however, the pressure inlet valve will begin to open and wll be
fully open at 20mA (100% out put) .

Pressure val ve functions:
1-12 mA signal - Pressure exhaust valve closes 0 - 100%
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12 mA signal - Pressure exhaust valve closed, Pressure
inlet valve closed.
12-20 mA signal - Pressure inlet valve opens 0 - 100 %

NOTE: The design of the pressure control systemis such that
| oss of either control air or electrical control signal
wi |l cause the valves to go to their fail safe positions
which will open the pressure exhaust valve and cl ose the
pressure inlet valve.

D. 19. M scel | aneous

The exterior of all equipnment is primed and painted with an
appropriate high tenperature, solvent resistant pol yurethane.

The autoclave is operated froma single point electrical
connection of 480 VAC, 3 phase, 60 Hz power source to control
cabinet. Control power derived fromthis source is 115 VAC

Honeywel | Air Operated Pressure Control Valves are provided to
control within +/- 2 psig.
D.20. Pressurized G\2

The autoclave is pressurized with G\N2, therefore, the exhaust
fan on the exterior wall should be on when autoclave door is
open, and doors to outside of building should al so be opened.

NOTE: Al though there is an oxygen deficiency alarmin the
room to be sure there is sufficient oxygen, always
turn on the overhead exhaust fan. The overhead
exhaust fan switch is | ocated on the autoclave room
west wall, adjacent to the fire extinguisher.
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